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PROBLEM TO BE SOLVED: To improve the strength and machinability of steel by 
subjecting steel having a specified compsn. to hot rolling or hot forging and 
thereafter executing cooling under specified conditions to control the hardness, 
structure and grain size therein to specified ones and thereafter executing 
machining or plastic working and aging treatment. 

SOLUTION : Steel contains, by weight, 0.06 to 0.20% C^_ 0.03 to 1.00% Si, 1.50 to 
3.00% Mn^_ 0.50 to 2.00% Cr, 0.05 to 1.00% Mo, 0.002 to 0.100% Al, 0.51 to 1.00% V 
and 0.0080 to 0.0200% N. This steel is subjected to hot rolling or hot forging at 
1,150 to 1,300°C^ Then, it is cooled to ^200°C in such a manner that the average 
cooling rate in the range of 800 to 500°C: CV (°C/min) is controlled to 40/(Mn% 
+0.8Cr%+1.2Mo%) *£CV^5007 (Mn%+0 . 8Cr% + l . 2Mo% ) to control the structure to 2*70% 
bainitic ratio and the old austenite grain size to ^80 urn. After that, machining or 
plastic working is executed at need, and, moreover, aging ' treatment is executed at 
550 to 700° C^ 
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(5D im>i (mm) 

[SfSt#Sl fiSitfc:LTC:0.0frM).2I8:,Si:0.03~ 
l.OK,»h:1.50~3.00K,Cr:0.g0~2.0(H:.HD:0.05~1.00 
Z.Al:0.()02M).l()OI.V:0.51~l.(Xa,N:0.()080M).Q2()(a: 

m&msOudATt U Sgfc*<3gS50~700*Ctf>S& 



1 

imrnu ttsm&nsxe. c : o.os-o.2oz. s 

i : 0.03-1.00Z. Mn : 1.5O-3.00Z. Cr : 0.5O-2.0QZ. 
Mo: 0.05— 1.00Z. Al : 0.002-0. 100Z. V:0.51— 1.00 
Z. N:0.(X)8O-O.0200Z£-&WU SSSFefciW^fig 

m t l < H^ysassgL ajo-sarcosffiKB^i^ 

ffi&g.: CV CC/nin) Jr. 40/ (MjiZ+0.8CrZ+1.2Mo 
Z) =SCV S 500/ (MnZ+0.8CrZ+1.2HoZ) tLX2D 
(TCOT<Ofig4-C^ahr5^fcT«§^Hv400JaT. ffl 
®£ V Wm0ZKLhT**o|Bl-^«g^t^0^Bia 

Jnx. 5lc^wa55(h-7()(rc«o^fcTi^»^^Mrt 
zttzx*). K^feL<«o.2zi^^9<)()MPaeuifc-r 

[lf£«2 ] fc3*aj£#SSrC. C : 0.06-O.20Z. S 
i : 0.03-l.OOZ. Mn : 1.50-3.00Z. Cr : 0.50-2.00Z. 
Mo : 0.05— 1.00Z. Al : 0. 002— 0. MXK. V:0.51— 1.00 
Z, N : 0.0()8O-O.0200Z£^rU 8^Fei>«fctPRfiK 

gt>t<t^»^a^. 8oo-5oox^>agffiffl^^ 

ffigg. : CV (Wain) 40/ (Mtf-H).8CrZ+1.2Mo 
Z) SCV g 500/ (MnZ+0.«xZ+1.2MoZ) LT20 

oicmT«as^T^jrr6ii:-e«$^Hv4oojjrF. a 

laSrV #Y W0Zia±T**o|ah-77t/«£^@80/z«ia 

int. mz*(om^70(K<D^£XB!ffl!m$:m- 

dfcfci'K RH^tL<«0.2Z^^9W)MPaeUit-r 

[IM3] fl:^lfc^a*%-C. Ti : 0.01-0. 10 
Z. Nb : 0.01-O.10K*»^,3a?tfciat3t:Ji2S^W 

imz®4 ] {ezm&jr^&xT^ n o. oi-o. 10 
z. Nb : o.oi-o. im^^mKLitmitiam^^t 

imm5 ] tt&m&nm%T. s : 0.04-0. 12Z, 

Pb : 0.01-0. 30Z. Bi : 0.01-0.30Z. Ca : 0.0005-0.0 
1Z. REM : 0.001-0. 10Z*>4^LfclS£*:tt2Sjy± 

immmei wmfctmrnxx. s-. 0.04-0. 12Z. 

Pb : 0.01-0.30Z. Bi : 0.01-O.3OZ, Ca : 0.0005-0.0 
1Z. REM:0.001M).lC^ii>^{L-tia^^i2aJ3Lh 

imm7] mm&maxx. ti 0.01-0.10 

Z. Nb:0.01-O.lC8*»^>3^?L)tlSiitJi2S&^ 
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U S : 0.04-O.12Z> Pb : 0.01-O.30Z. Bi : 0. 
01-0. 30Z. Ca : 0. 0005-0. 01Z. REM : 0. 001-O. 10Z*> 

[H*JB8 ] fl?£fflj&&*aS%T\ Ti : 0. 01-0. 10 
Z, Nb : 0.01-O.10ZA>£^L*:l8**:li2S£^r 
U S : 0.04-0.12Z. Pb : 0.01-O.3QZ. Bi : 0. 

01-0.30Z. Ca : 0. 0005-0. 01Z. REM : 0.001-0. 10ZA> 

[0001] 
20 [0002] 

x. m*Mi>t'L<7>mmz'm-$-?>. ^hvj>zimm 

[0003] mwt&mmrmmmfc^yi; 
m.fc?m$vf&tb%ix\ l ^. *zx'±m<?>&3A 
x\t. 7iKb- Ymimmx.t5\.*xtt& 

BB*^ 1tl3 i l i 5-3Q2ll6T-Ji. h*SV^S^^ 

Lfcj^roi. #ia¥io-i40285-eti. wmnmcmzco 

tlWfik£tlX^&. 

[0 004] L*»L^* { 4>^^y^?>r^$^fc:E 

so i^^ut. m<^^m^M^iii t wmtffM 



3 

X3> *) . ^3¥5-302ll6r»i«fflttHRofc»fc:^a« 
-SClfcT. ttffl7n*^aant»^Jt!ni$^<Tt>. H3& 

sutmemztix Lid-r t#m&t 

[0005] 

m&^mcthtiibcrym^ux. wmt>\m«<r> 

mjfim< tf^4i-4hmmtf3i{&>m£}5^x. mi 
msmxmmz < mhmvmz *s 
<. £ © < -r & .r t tmzz 

tifz. x^xmimtmmtouizff-yKmiimtm 
■tzztx. ^mittwmms^miL^mt & 

[00 06] ifcfc. 1^<9J:33tfitf>iS^kfc«}:l>l§ 

fc^JiSii*:. J: ffigo J: o KcmfficrfflfflMl- 

[0007]* LxmSb2iZ&ht:X>U&. V^fi 
5-0.51%JJLhk-r5^i:*^rCft9. 5S321150--13 

<xrc<7>m*8&izxma^i> l< tearasisft. aoo 

"-SOO-CcOSJg^^^SMS : CV (TY.in) 
2:. 40/ (MriZ+0.8CrZ+1.2MoX) ^ CV g 500/ 40 
(MnZ+0.8CrZ+1.2MoZ) b LX2SXrOAT<0^tX^ 

m-zztx-mzimmxr. mm^mYmoWLt 

comtti>L<iimm&£imxi*. tsamm^vm 
mmm&Lxteii&imiitZithK»>^ sou* 

<QE&£XmMmth<lkT. t£%t Lxm&i> L 
< »i0. 2ZB^^900HPaJa±k-rS d kifi*imk%& Z b 

[ooo8]si<oigB»i. temswmmx. c : o. 50 
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0&-O.2CSL Si : 0.03-1.00Z. Mn : 1.50-3.00Z. Cr : 
0.50-2.00%. Mo : 0.05-1. OOZ. Al : 0.002-M).100Z. 
V:0.51-1.00Z. N:0.0080~0.0200Z£33rU g^BFe 
fcilP|^^«!|4l*^^S«5^115O~1300 , CcOjlg»ia 

stTiasfflgi l< fiis^Bsm. soo-5oox:<Disg 

3eBW?J#SB£g : CV (r/min) 40/ <MnZ+ 
0.8CrZ+1.2MoZ) S CV S 500/ (MnZ+0.8CrZ+l. 
2MoZ) kLT200X:iaT^aS^T^ffl-tl,^fcT'1iE^ 
£Hv400£TF. fflaS-V-ft-f^0ZJ3LhT*o|Bi-77t^ 

io Jg^tsso^BiaTfcL.^^W^tcKtTflJBijJia: 
TB|3&«M£iinr<rfcfc:J:D. L<«0.2ZItt 

* 9owpaja±t -rh z b tirnb ^hmm\mm& 
u-m hmx-hz. 

[ooo9] m2mm±. tt&mss&maxx\ c : o. 

06-0.2<HL Si : 0.03—1.00Z. Mn : 1.50-3.00Z. Cr : 
0.50-2.00Z. Mo : 0.05-1. 00Z. Al : 0.002-0. 100Z, 
V:0.51— 1.00Z. N:0.0080~0.0200Z£-£-*U We 
toXV^Wmm* ^^r^S!S-1150~1360X;oMfeia 

20 &izxm3Emi>v<im38mi£. 8oo-5oox:^fas 

WmrFm&img. : CV (r/min) 40/ (MnZ-H 
0.8CrZ+1.2MoZ) SCVg 500/ (MnZ+0.8CrZ+l. 
2MoZ ) b LT2W WFcOigjg* X^m^h ZbT®% 
5:Hv400mT. fflJa^vWTOZJJLh-C*»olBi-7ft# 

ttntfmwvw&Tb -e^b^fcKfc^H'jjm 

5rV ^ LSfiHmXSraox , Mt-5-cof^550~700X:OiSSfc 
Ti^WJSSritt^fcfcJ: 1 ). Kt^it,L<»i0.2ZBtt 
5-900M?a«±i:1-6C: b Zimb-? 

hmm&jf&xi>&. 
[ooio] m3c?ttWi. tt&imima%T. ri ■. 

0.01M).10Z. Nb : 0.01-M).10Z*^aKLfelS*Jt<i2 

mz-tftt & z b zmLb-thmm 1 tmmnmm 
[ooiu zummt. tt&ws&msxx. Ti : 

0.01--0.10Z. Nb : 0.01-O.10%a>4>^L£:l«£jt«2 

[ooi2] m5<r)%m^ tt&mssjmmxx. s : 

0.04-0.12Z. Pb : 0.01~0.30Z. Bi : 0.01~0.30Z. C 
a : 0.0005-0.01Z. REM : 0. 001-0. lQZ*»S>gSiL*:l 

m&tmwitttt-t-h i b zmibt&wmm 1 
[0013] &6<mw*. ^mmmM%x. s : 

0.04-0.12Z. Pb : 0.01M).30Z. Bi : 0.01-0.30Z. C 
a : 0.0005-0.01Z, REM : 0.001-0.10Z*^^?L^1 

«itti2Siyjb£^rt.& >r b zimb-rhmzm2 
[ooi4] mimmt. ftpm$jm&%x. ti : 

0.01-O.lOZ. Nb:0.01-M).10Z*^^L^lS*fc(i2 
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S$riHf U S : 0. 04-0. 123!. Pb : 0. 01-0.30 £ . 

2. Bi : 0.01-0.302. Ca : 0.0005-0.012. REM : 0.001 ^Al : 0.002-O.100Z 

-0. lOU>t?mgt L^lgi ^ Ji2Sm:$: t-^f-T-S. .1 fc Al(iB®^)tftt^^<?5^T'ft OO.OOZZJJUi. Si 



[0015] 8S8<D?gH)§Ji. M&£#SS%-C. Ti : 5:0. 1002, L<Ji0.060mTfc-f £. 

0.01-0.102. Nb : 0.01-0. 102*^gft Lfcl8£fc«2 [0019] V:0.51-1.002 

«£#*U S: 0.04-0.122. Pb : 0.01--O.30 V^ffcHJifcfcVvC, B$2WBSmcV(CN)£ffiffl3-frT® 

2. Bi : 0.01-0.302. Ca : 0.0005-0.012. REM : 0.001 Zt5£Xffiim&ZMlb2>}!tt'& tS^Srft^ £-t.&7C 
~0.102*»£>giRl,fclg;fe M&mkkZI&i-t&Z t 10 *-C* 0 . w£3&*£ m+4HZ®&tl»>Mi. 

*mLt^hm&2£m&<nmmftmm8£<4 j )- tt>o.5i2Ja±. mtL<\io.^mjjmthh. l*> 

[0016] *f^fcfcJtSffiJ&£**ol8S0Il& k b tic. ^Lv^Jtt^b^ax Hifln£fi< 

fcoirvQ^*. ±K$ri.ooz> a*u<jio.7ozmTt-rs. 

C: 0.06-0.202 N : 0.0080—0.02002 

h. U>*U ^-r^Si:«$Jato&^»B«tc^fl:SrS >±«^S*fe:«t-5Ti-^^ B B ^g580)UBjaTfc^-5 

<**>±IR£0.202. L<»i0.182fclTfc^-&. K£#J>6i: t i>fcr. i^?W(!^l^«OV{CN)*fait:J:S^ 
Si: 0.03-1.002 20 JS^tdtf LT&S^£:5^e*"e&»). mssmki^ 

Sitf. g5WK0MKHt LT^5r$re*£*tf>TR£0. ^-HHc*i&*:«>fc:i±. *KK i: i>0.00802£U:. Mi 

032. aiL<{±0.102O±i:-#-S. L*-L. JKItc&llD L<»J0.01002ULb^-C*S. L*»L»*»^Sa«a±. 

"rstas+fc&ag^ffigj-cfcssioj^^^-fr-cs fc£<^LTt*om& j &ft-rsi:fc{>t. 

ffM£#fc3€SJt»±R£l.00Z. a^t<J±0.80ZJa «tt^t^3XhiainJ5-S<3t*. ±|g£0.02002. 

Tt-TS. a£L<{40.01802OTfc-TS. 

[0 0 17] Mn: 1.50— 3.002 [0 020] Ti : 0.01-0.102, Nb : 0.01-0.102 

±. a*L<»ii.8ozaj^i?r&s. l*»u ^-rr 30 s. ^^nsfi-cto.ou: 

sfc^/t^ifloTjfflsik^o. Vftmmmcmztf® ja±<o^w*^T'S>s. La>L&#^^ja±K£< 

HnLTSfflfla^^trSfc«>±|iR53.002. M£ L«i ^LTt*<08£l#&SrrSk fc tt3^ hJMftteJS 
2.70ZiaTk-r&. JJR50.102t-r&. 

Cr : 0.50-2.002 S : 0.04-0.122. Pb : 0.01-O.302. Bi : 0.01-O.30 

Cr«Mnfcfl&. W®]mi> L<tm&»£808im8& 2. Ca : 0.0005-0.012. REM : 0.001-O.102 

x'\'wmmffi^tL&iziib<r)mx&zw&h±Tm s. Pb. bi. ca. \miWfm<^mziffl%jmx'f> 
mzmxt}*). vwnB«5#sfc»w^^<k«, &mzfttxma2tL&i><7)X'$>&. msmt^ 

0.502BU:. SiL<«0.702BLbeSt > *S. Lift. SfctfXcfct. «l«lG.0tt, 0.012. 0.012. 0.00052. 

%tfmtobxwmt&fctzt:!t>±m£2.(xit. 40 axmtsKfcktfc. ^^snautA-? 

[0 0 18] Mo: 0.05-1.002 f5J@&*£-f ±K£-?-*l.<m0.12Z. 0.302. 0.30 

MottMn.Crfcpia. SHGQte L< liftMS&iS&tfW&a] 2. 0.012. 0.102fcL^. 

ss-cv w^£^LT^$fc*fc£i?&7arc& [0021] &ttmwm3ktm&£fbtz^xn 

£ k t fcfc. v W^58H8Hfc$-tt-CK«tt5-^>. ftS. iiiaEgt L <Ji»^^<DSlgaaSSrll50 

i^i^Mp^i^ 2 c5«faj$€Ti^6«(k$-frsa^ -Boox:tciiB^L^«. isasg^iiscrc^t^s 

^ft 1 ? . B5^3i5^&fci6K:»i^< t t>0.052m ki^^mco^T'Sl^fcV^-ha-tcBj?!-^. -eo 

±. atL<li0.10ZfiU^T*6. L3&>L^3?£Lh ^O^Sfls&s-Hi-t^^it^^WCfc 0 . i^:1300 

mtZhZib. ±R?:1.002. a^L<li0.602OTk-r 50 S^ftL^Oigfe^tfcOLT. ttimiciah-^h 
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ThXmVht. &tfc*it>L<tt0.2Zfltt : 900MPaJa± 



7 



tt. ftf^it^)».fig2r±£ag®Hfc:R^ L . #fe mm&kfrlzxftMll. <etf>&550~7 

BBft*fH*srni§^ mtfES8»«t *)wmm wcizxmamth z t tzximRzin . 

WSKml LT^f &i§£tcl;i. &0BB$<7>2nf*Sg [0026] 

zims&jmtwfct imkmrnvmrni »i, 2o&nj§£ji&fc-f&i;:kt 

[0 0 2 2] i»raflEgi>L<«^^at^>¥*^aBa #&ZT. C : 0.06~O.20Z. Si : 0.03-1.00Z. Mn:1.5 
S : C V CC/mn) £80O~500T;<7)iag£BTffi5£Lfc 10 O-3.00Z. Cr : 0.50-2.00Z. Mo : 0.05M.00Z. Al : 0. 

«4» ¥%^M8Le : CV (ty«in) #40/ (MrtZ+0.8 002-0. 100Z. V:0.51~1.00Z. N : O.0080~O.O200%£^ 

CrZ+1.2*>Z) &M&:t b. *»f7i5{K»/ir-WM*4l* 3fU m^?e^xtmrn¥¥mi>^miii5o~-n 

lt v <tnm(mki:i&&th z 1 oor<om^astris©Egt> l < laiagsitfc, soo 

•C* ») . *>tC V («C/«in) #500/ (MriZ+0.8CrZ+l. ~500T^SgMcO¥i£&S8£J£ : C V (*C/iin ) 

2HoZ> tmi&k. 11fiyt4Ytf&&LXL£\,K Vftff 40/ (MnZ+0.8CrZ+1.2MoZ) ^ CV g 500/ 

sm£LL£^^S::fciMfc££fctf>T*S. d <toiZ+0.8CrZ+1.2MoZ) b LXmxSATn&g&Xft 

zxvmsims. ■. cv (xy«iii) a. ^aj+tcsocrc ai?-s;:i:-c«§£Hv4oomT. «i*v wrtwaasu: 

fcgUTa^50rcfc^S2-«cSLfcl$ia («in) T T^IBiSWrtfePatagSO/zBiaTi: U *<r>&imiz 

t-oT300fC (=800^-500*0 £l£U:8cfiS-*-r. JEtT^fflJnl^V^L^ttlinX^Jni. Mt-e^50 

[0023] }&ais-2oox;jaToias^ -ct u^a 20 ~7ooro^£-ti$$M!Ui£Mrt.r ttcj:o. 

E&fcL &»4«OVWOT£4^fc£fc£l*TVWMis tL<{i0.2ZW*?:900MPaJa±tt-5. d^i -jfcLT 

7ozja±s-it«-rsfc«)Tfcs. «$£Hv4oojaTkissg #^>fi^8«fej:^^eiaii. ^v^^r^s 

5 tsacsjattnitt. Sttftixtt^^trs . s-^s z b &< . *^>^Bi<^-^ks:$ij^ l%< t t> 

B^*^rtcO^^^Jll»aSll50~130(yCfc:T Sffltt£ig&T , #.S. 

mEgt>L<Ji&IS£it&. mgffi&kmzXftmL [0027] 813. 40&BH£f£itt&t=ti. gH. 2 

fc^fc. SSttMOOfcTFii&S . <036^fclEm<97^£Jn;c.T. *SZT\ Ti : 0.01M). 1 

[0024] ffl»£v YWh^mXtkR^Lfca* OZ. Nb : 0.01M).10Z#£gtRLfclS£fctt28££* 
V((M)fcJ:S5aiH-»-=3^»«fl5^tt$r»S^-C 30 U mFeto£Tf^mW/M^%&m*U%h-13Q0 

^Wtl^**^70Z*S^i:^£•->T7l7^^♦/»•-7^K^»7>» rolig^tcT|saajE@t,L<J^S^iiia. 800-5 

4Hvwg&mimihb. <m^&&mm&iffi wxwmsmcw-*$$mm ■. cv cc/«n) 40 

6*lfr<fr&« HI^^W^ii^S$* J ©<^TLi / (KnZ-K>.8CrZ+1.2MoZ) g CV ^ 500/ (m+ 

ofcO mtfm&nmZ&fcK^X LtofcO-T 0.8CrZ+1.2MoZ) b LX2WC&T<7>£&tT#iWti> 

s . n^«®Brtoajso«^iig®mi5o~ . c: b £hv4ooot. «»£ v w h*7ozfeUbT**o 

fcT^aJL^^c v#n*ia7oza±i:=srs. ifth-x wmaL%^imEmxztoz.. M(c^^55o-7ooc 

^^«mJS5:^ri»±-C^^7t*-CJ) 0 , IBi- 0.2ZB^$-900MPaULht-rS. Cl<0«t dtCtT»4>^ 
XWHg^S*S80xz«S'iS^«,k5figmft*^erS. .40 Smt5J:tf-?-<^8§aii. **>"£&*5>7/l'c=£&fcE 
=5rfc. «^*®HrtWSjS^«SrJi^5aeil50~1300 ' Srt-5»gfi{t^5^S ^T'(c«^Jg^-ri. zbmm 

x;£xmjB&i>i<\m3smt. msim&kfrizx T$>ibbi>tz. mi7m%^&z*mizmm j £&z 

[0025] mm2^z&wwctzmfcit:m& ib«t# s . 

tt^vmi««^ffl»^+fcv(cw^ja^#fc^ [oo28jm5. 6<rm&mfcth&t. mu 2 

HiiiZitXBfflim{£itht:tt>T$>&. BSSWIS&Jgtf <05«Bfc£«<07C^tc:Jn^T. ttSZT. S : 0.04-0.12 

550X:*SrC&S fc . V(CN)<^fa5fi*^=3:<-H^^f Z. Pb : 0.01-0.30Z. Bi : 0.01-0.30Z. Ca : 0.0005- 

mgMmbtvf. twrntmsmFMrczmtt o.oiz, REM:o.ooiM).ioz^^^L.^ia^/i{i2a 

i&&tT ti o<r>X. l^»5P®Sli550-70(rcfcffi^ 50 U50~1300X:^M!ifiSfc:T»SEgt> L< iiia^at 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Chemical composition by weight % C:0.06 - 0.20%, Si:0.03-1.00%, Mn: 1.50-3.00%, 
Cr:0.50-2.00%, Mo:0.05-1.00%, aluminum:0.002-0.100%, V:0.51 - 1.00%, and N:0.0080 - 0.0200% are 
contained. The steel which consists of the remainder Fe and an unescapable impurity by whenever 
[ stoving temperature / of 1 150-1300 degrees C ] After hot rolling or hot forging, The average cooling 
rate of a 800-5 00-degree C temperature requirement : valve flow coefficient (degree C/min) Hardness 
because 40/(Mn%+0.8Cr%+1.2Mo%) cools to the temperature of 200 degrees C or less as <=valve flow 
coefficient <= 500/(Mn%+0.8Cr%+l .2Mo%) 400 or less Hv, An organization at 70% or more of rates 
of bainite and by considering as 80 micrometers or less of diameters of the old austenite crystal grain, 
adding cutting thru/or plastic working if needed after that, and performing aging treatment at the 
temperature of 550-700 degrees C after that further Age-hardening mold high intensity bainitic steel 
characterized by setting the yield point or 0.2% proof stress to 900 or more MPas. 
[Claim 2] Chemical composition by weight % C:0.06 - 0.20%, Si:0.03-1.00%, Mn: 1.50-3.00%, 
Cr:0.50-2.00%, Mo:0.05-1.00%, aluminum:0.002-0.100%, V:0.51 - 1.00%, andN:0.0080 - 0.0200% are 
contained. The steel which consists of the remainder Fe and an unescapable impurity by whenever 
[ stoving temperature / of 1 1 50-1300 degrees C ] After hot rolling or hot forging, The average cooling 
rate of a 800-500-degree C temperature requirement : valve flow coefficient (degree C/min) Hardness 
because 40/(Mn%+0.8Cr%+L2Mo%) cools to the temperature of 200 degrees C or less as <=valve flow 
coefficient <= 500/(Mn%+0.8Cr%+1.2Mo%) 400 or less Hv, An organization at 70% or more of rates 
of bainite and by considering as 80 micrometers or less of diameters of the old austenite crystal grain, 
adding cutting thru/or plastic working if needed after that, and performing aging treatment at the 
temperature of 550-700 degrees C after that further The manufacture approach of the age-hardening 
mold high intensity bainitic steel characterized by setting the yield point or 0.2% proof stress to 900 or 
more MPas. 

[Claim 3] Age-hardening mold high intensity bainitic steel according to claim 1 characterized by 
chemical composition containing one sort chosen from Ti:0.01-0.10% and Nb:0.01-0.10%, or two sorts 
by weight %.. 

[Claim 4] The manufacture approach of the age-hardening mold high intensity bainitic steel according to 
claim 2 characterized by chemical composition containing one sort chosen from Ti:0.01-0.10% and 
Nb:0.01-0.10%, or two sorts by weight %. 

[Claim 5] Age-hardening mold high intensity bainitic steel according to claim 1 characterized by 
chemical composition containing one sort chosen from S:0.04 - 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, 
calcium:0.0005-0.01%, and REM:0.001-0.10%, or two sorts or more by weight %. 
[Claim 6] The manufacture approach of the age-hardening mold high intensity bainitic steel according to 
claim 2 characterized by chemical composition containing one sort chosen from S:0.04 - 0.12%, 
Pb:0.01-0.30%, Bi:0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001-0.10%, or two sorts or more by 
weight %. 

[Claim 7] Age-hardening mold high intensity bainitic steel according to claim 1 characterized by 



http://ww4.ipdl.ncipi.go.jp/cg^^ 1/12/07 



• JP,2000-017374,A [CLAIMS] 



Page 2 of 2 



containing one sort which chemical composition contained one sort chosen from Ti:0.01-0.10% and 
'Nb:0.01-0.10%, or two sorts, and chose from S:0.04 - 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, 
calcium:0.0005-0.01%, and REM:0.001-0.10% by weight %, or two sorts or more. 
[Claim 8] Chemical composition contains one sort chosen from Ti:0.01-0.10% and Nb:0.01-0.10%, or 
two sorts by weight %. And S:0.04 - 0.12%, Pb:0.0 1-0.30%, Bi: The manufacture approach of the age- 
hardening mold high intensity bainitic steel according to claim 2 characterized by containing one sort 
chosen from 0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001-0.10%, or two sorts or more. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention offers the manufacture approach of the optimal age-hardening 
mold bainitic steel for hot forging for the components which need high reinforcement and the 
outstanding machinability like the crankshaft of an automobile engine, and a connecting rod, and its 
forging, and enables lightweight-ization of automobile engine components. 
[0002] 

[Description of the Prior Art] Engine components, such as a crankshaft of an automobile engine and a 
connecting rod, are machined and used, after carrying out hot forging of the steel which added free- 
cutting elements, such as S and Pb, to carbon steel or low alloy steel and heat-treating hardening 
tempering, since high reinforcement and the outstanding machinability are required. In recent years, 
from low cost-ized needs, in said component, the adoption of the so-called non-heat-treated steel which 
omits heat treatment of hardening tempering has become active, it responds to the strength property 
required of components, and various kinds of non-heat-treated steel, such as a ferrite pearlite mold, a 
bainite mold, or a martensite mold, is developed and put in practical use. 

[0003] The motion which the lightweight-ized needs of automobile engine components are strong, and 
forms components into light-gage lightweight on the other hand using the steel materials of high 
intensity in response to the trend of fuel consumption regulation of an automobile or an engine high . 
increase in power recently is active. As the technique of reconciling above-mentioned low cost-ized 
needs and above-mentioned lightweight-ized needs, application of high intensity non-heat-treated steel 
can be considered. So, in JP,4-193931,A In ferrite pearlite mold non-heat-treated steel by control of a 
chemical entity, and control of forging heating conditions Invention which has improved the fatigue 
strength of the components used while the front face has been the scale forging skin in JP,5-3021 16,A 
By performing tempering processing after forging radiationnal cooling in bainite or bainite + martensite 
mold non-heat-treated steel Invention with which invention which has improved the yield ratio and the 
durable ratio reconciled machinability and high intensity-ization in JP,10-140285,A, combining well the 
cooling rate dependency of the hardness of non-heat-treated steel, and the configuration of forging 
components and a dimension is indicated, respectively. 

[0004] However, by the time it acquires the lightweight-ized effectiveness which is equal to a titanium 
alloy or an aluminum containing alloy, when it is going to high-intensity-ize steel, the steep rise of 
hardness is not avoided but the problem of causing the fall of machinability arises. Since achievement of 
target lightweight-ized effectiveness is impossible in aforementioned JP,4- 193931, A and content of a lot 
of free-cutting elements for machinability reservation in JP,5-3021 16,A becomes indispensable to this 
problem, while causing the increment in cost of an ingredient, degradation of plastic workability and the 
problem of a fatigue strength fall produce rolling, forging, etc. by the increment in the amount of 
inclusion by the increment in a free-cutting element content. Moreover, in JP,10-140285,A, it is carrying 
out the thinning of the chipless production pari, and supposing that a cutting part is heavy-gage, and 
while there is a limitation in the effectiveness although, as for reservation, coexistence of machinability 
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r reservation is carried out to some extent to high intensity-ization even if it does not make the addition of 
a free-cutting element increase, being restrained by the above part shapes becomes a technical problem. 
[0005] 

[Means for Solving the Problem] As mentioned above, without making a free-cutting element content 
increase sharply, while high-intensity-izing steel, by the time it acquired the lightweight-ized 
effectiveness which is equal to a titanium alloy or an aluminum containing alloy, about the policy for 
securing machinability, even if it did not restrain the design configuration of components, artificers 
resulted in the following ideas, as a result of trying various examination. That is, the knowledge of the 
amount of V being high, and the hardness in aging treatment order changing a lot, and a bainite texture 
being low in the hardness in front of aging in a subject's steel, and being able to make hardness after 
aging high was carried out. Therefore, by carrying out aging treatment, after performing cutting 
roughing before aging, it becomes compatible [ high-intensity-izing and machinability reservation ]. 
[0006] Moreover, although especially the improvement in yield strength (0.2% proof stress) became 
important on the occasion of lightweight-izing by high-intensity-izing of the above steel, when aging 
treatment of the bainitic steel with the high amount of V was carried out, compared with common heat 
treated steel and non-heat-treated steel, 0.2% proof stress in the same hardness becomes high, namely, 
the knowledge of a high yield ratio being obtained was carried out. therefore, as well as cutting before 
the above aging, when carrying out cutting after aging treatment, it also sets ~ in bainitic steel with the 
high amount of V, since hardness in the value of proof stress is low made the 0.2 same% compared with 
common heat treated steel and non-heat-treated steel, it becomes possible to raise machinability. 
[0007] And in order to acquire said effectiveness, it is required to make V content into 0.51% or more. . 
By whenever [ stoving temperature / of 1 150-1300 degrees C ], furthermore, after hot rolling or hot 
forging, The average cooling rate of a 800-500-degree C temperature requirement : valve flow 
coefficient (degree C/min) The knowledge of being necessary to make hardness to 400 or less Hv, and to 
make an organization into 70% or more of rates of bainite because 40/(Mn%+0.8Cr%+1.2Mo%) cools 
to the temperature of 200 degrees C or less as <= valve flow coefficient <= 500/(Mn%+0.8Cr% 
+1.2Mo%) was carried out. Moreover, in order for V carbon nitride to deposit and to make crystal grain 
make it detailed during thermomechanical treatment in above-mentioned steel materials or an above- 
mentioned forging, the diameter of the old austenite crystal grain 80 micrometers or less is obtained, it is 
carrying out aging treatment of this at the temperature of 550-700 degrees C, the knowledge of 
becoming possible to set the yield point or 0.2% proof stress to 900 or more MPas as a result is carried 
out, and it results in this invention. 

[0008] The chemical composition of the 1st invention is weight %. C:0.06 - 0.20%, Si:0.03-1.00%, Mn: 
1.50-3.00%, Cr:0.50-2.00%, Mo:0.05-1.00%, aluminum:0.002-0.100%, V:0.51 - 1.00%, andN:0.0080 - 
0.0200% are contained. The steel which consists of the remainder Fe and an unescapable impurity by 
whenever [ stoving temperature / of 1 150-1300 degrees C ] After hot rolling or hot forging, The average 
cooling rate of a 800-500-degree C temperature requirement : valve flow coefficient (degree C/min) 
Hardness because 40/(Mn%+0.8Cr%+l .2Mo%) cools to the temperature of 200 degrees C or less as <= 
valve flow coefficient <= 500/(Mn%+0.8Cr%+1.2Mo%) 400 or less Hv, An organization at 70% or 
more of rates of bainite and by considering as 80 micrometers or less of diameters of the old austenite 
crystal grain, adding cutting thru/or plastic working if needed after that, and performing aging treatment 
at the temperature of 550-700 degrees C after that further It is age-hardening mold high intensity bainitic 
steel characterized by setting the yield point or 0.2% proof stress to 900 or more MPas. 
[0009] The chemical composition of the 2nd invention is weight %. C:0.06 - 0.20%, Si:0.03-1.00%, Mn: 
1.50-3.00%, Cr:0.50-2.00%, Mo:0.05-1.00%, aluminum:0.002-0.100%, V:0.51 - 1.00%, andN:0.0080 - 
0.0200% are contained. The steel which consists of the remainder Fe and an unescapable impurity by 
whenever [ stoving temperature / of 1 150-1300 degrees C ] After hot rolling or hot forging, The average 
cooling rate of a 800-500-degree C temperature requirement : valve flow coefficient (degree C/min) 
Hardness because 40/(Mn%+0.8Cr%+1.2Mo%) cools to the temperature of 200 degrees C or less as <= 
valve flow coefficient <= 500/(Mn%+0.8Cr%+1.2Mo%) 400 or less Hv, An organization at 70% or 
more of rates of bainite and by considering as 80 micrometers or less of diameters of the old austenite 
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crystal grain, adding cutting thru/or plastic working if needed after that, and performing aging treatment 
at the temperature of 550-700 degrees C after that further It is the manufacture approach of the age- 
hardening mold high intensity bainitic steel characterized by setting the yield point or 0.2% proof stress 
to 900 or more MPas. 

[0010] It is age-hardening mold high intensity bainitic steel according to claim 1 characterized by the 
3rd invention containing one sort which chemical composition is weight % and was chosen from 
Ti:0.01-0.10% andNb:0.01-0.10%, or two sorts. 

[001 1] It is the manufacture approach of the age-hardening mold high intensity bainitic steel according 
to claim 2 characterized by the 4th invention containing one sort which chemical composition is weight 
% and was chosen from Ti:0.01-0.10% and Nb:0.01-0.10%, or two sorts. 

[0012] It is age-hardening mold high intensity bainitic steel according to claim 1 characterized by the 
5th invention containing one sort which chemical composition is weight % and was chosen from S:0.04 
- 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001-0.10%, or two sorts or 
more. 

[0013] It is the manufacture approach of the age-hardening mold high intensity bainitic steel according 
to claim 2 characterized by the 6th invention containing one sort which chemical composition is weight 
% and was chosen from S:0.04 - 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, calcium:0.0005-0.01%, and 
REM:0.001-0.10%, or two sorts or more. 

[0014] The chemical composition of the 7th invention is weight %. Ti:0.01-0.10%, One sort chosen 
from Nb:0.01-0.10% or two sorts are contained. And S:0.04 - 0.12%, Pb:0.01-0.30%, Bi: It is age- 
hardening mold high intensity bainitic steel according to claim 1 characterized by containing one sort 
chosen from 0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001-0.10%, or two sorts or more. 
[0015] The chemical composition of the 8th invention is weight %. Ti:0.01-0.10%, One sort chosen 
from Nb:0.01-0.10% or two sorts are contained. And S:0.04 - 0.12%, Pb:0.01-0.30%, Bi: It is the 
manufacture approach of the age-hardening mold high intensity bainitic steel according to claim 2 
characterized by containing one sort chosen from 0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001- 
0.10%, or two sorts or more. 

[0016] Next, the reason for limitation of the constituent in this invention is explained. 
C:0.06 - 0.20%C is an essential element for securing the reinforcement as steel for machine structural 
use, and is desirably required 0.08% or more 0.06% or more. However, if many [ too ], in order to cause 
degradation of machinability from the increment in hardness, an upper limit is desirably made into 
0.18% or less 0.20%. 

Si: Since 0.03 - 1.00%Si is indispensable as deoxidation material at the time of steel manufacture, it 
makes a minimum 0.10% or more desirably 0.03%. However, if it adds superfluously, in order to make 
Si02 which is the inclusion of a high degree of hardness generate and to degrade machinability in steel, 
an upper limit is desirably made into 0.80% or less 1.00%. 

[0017] Mn: 1.50 - 3.00%Mn is an element important when securing hardenability to obtain a bainite 
texture by the cooling process after hot rolling or hot forging, and in order to obtain a bainite texture, it 
is desirably required 1.80% or more at least 1.50% or more. However, since it will become a martensite 
subject's organization, the hardness before aging treatment will increase and machinability will 
deteriorate if many [ too ], an upper limit is desirably made into 2.70% or less 3.00%. 
Cr: 0.50-2.00%Cr is an element important when securing hardenability to obtain a bainite texture by the 
cooling process after hot rolling or hot forging like Mn, and in order to obtain a bainite texture, it is 
desirably required 0.70% or more at least 0.50% or more. However, since it will become a martensite 
subject's organization, the hardness before aging treatment will increase and machinability will 
deteriorate if many [ too ], an upper limit is desirably made into 1 .60% or less 2.00%. 
[0018] Mo: In order to make a bainite texture make it detailed, and to raise toughness, and for there to be 
work which Mo2C is deposited and carries out an age-hardening at the time of aging treatment and to 
acquire said effectiveness, 0.05 - 1.00%Mo is desirably required 0.10% or more at least 0.05% or more, 
while being an element required like Mn and Cr in order to be stabilized and to obtain a bainite texture 
by the cooling process after hot rolling or hot forging. However, since it becomes cost quantity while the 
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effectiveness is saturated even if it adds mostly beyond the need, an upper limit is desirably made into 
0.60% or less 1.00%. 

aluminum: Although it is desirably required 0.005% or more 0.002% or more, if aluminum is an 
indispensable element for deoxidation, and it is made to add 0.002 to 0.100% beyond the need, in order 
to degrade machinability by formation of aluminum 203, make an upper limit into 0.060% or less 
desirably 0.100%. 

[0019] In this invention, V:0.5 1 - 1 .00%V is an element which carries out the most important work at 
the point which V (CN) is deposited and raises hardness and yield strength after aging treatment, and in 
order to acquire said effectiveness in need 10 minutes, it is desirably required [ V ] 0.53% or more at 
least 0.51% or more. However, even if it adds mostly beyond the need, while the effectiveness is 
saturated, in order to cause remarkable degradation and the remarkable increment in cost in toughness, 
an upper limit is desirably made into 0.70% or less 1 .00%. 

N:0.0080 to 0.0200%, an affinity with V is a high element and N is set to this invention. While there is 
work which deposits as VN during hot rolling or hot forging, and sets the diameter of austenite crystal 
grain to 80 micrometers or less according to the pinning effectiveness In order to be an indispensable 
element and to acquire said effectiveness in need 10 minutes to the increment on the strength by V (CN) 
deposit after aging treatment, it is desirably required 0.0100% or more at least 0.0080% or more. 
However, even if it adds mostly beyond the need, while the effectiveness is saturated, in order to cause 
remarkable degradation and the remarkable increment in cost in toughness, an upper limit is desirably 
made into 0.0180% or less 0.0200%. 

[0020] Ti:0.01-0.10% and Nb: 0.01 to 0.10%, Ti and Nb deposit in steel as Ti (CN) and Nb (CN) like 
V, have the work which makes the diameter of austenite crystal grain make it detailed according to the 
pinning effectiveness, and are added if needed. In order to acquire said effectiveness, also at the lowest, 
0.01% or more needs to be contained respectively. However, an upper limit is made into 0.10% in order 
to cause the increment in cost, while the effectiveness is saturated, even if it adds mostly beyond the 
need. 

S:0.04 - 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, calcium:0.0005-0.01%, and REM:0.001 - 0.10%S, and 
Pb, Bi, calcium and REM are elements effective in an improvement of machinability, and are added if 
needed. In order to acquire said effectiveness, 0.04%, 0.01%, 0.0 1%, 0.0005%, and 0.001% need to be 
contained respectively. However, by the increment in the amount of inclusion, when it was made to 
contain so much, while causing the increment in cost, since degradation of plastic workability and the 
problem of a fatigue strength fall arose, rolling, forging, etc. made the upper limit 0.12%, 0.30%, 0.30%, 
0.01%, and 0.10%, respectively. 

[0021] Next, the reason for manufacture condition limitation of this invention is explained. Having 
limited whenever [ stoving temperature / at the time of hot rolling or hot forging ] to 1 150-1300 degrees 
C If whenever [ stoving temperature ] becomes less than 1 150 degrees C, V will not fully dissolve in 
steel in the phase before aging treatment. It is because a subsequent age-hardening is not fully obtained, 
and when it becomes whenever [ exceeding 1300 degrees C / stoving temperature ], it is because the 
austenite grain in a heating phase makes it big and rough, or a mixed grain size is produced and 
achievement of the old austenite particle size of 80 micrometers or less finally becomes impossible. 
Considering as whenever [ stoving temperature / at the time of hot rolling or hot forging ] here limits 
whenever [ stoving temperature / at the time of hot forging ] to the above-mentioned temperature 
requirement, when it means that the processes controlled by the production process of components 
whenever [ stoving temperature ] differ and carries out hot forging, and when not performing hot forging 
(for example, when carrying out cutting of the direct components and manufacturing them from a rolled 
steel), it needs to limit whenever [ stoving temperature / at the time of hot rolling ] to the above- 
mentioned temperature requirement. 

[0022] The average cooling rate after hot rolling or hot forging : having limited valve flow coefficient 
(degree C/min) in the 800-500-degree C temperature requirement Average cooling rate : if valve flow 
coefficient (degree C/min) becomes under 40/(Mn%+0.8Cr%+l .2Mo%) If it is because it becomes 
difficult for a proeutectoid ferrite and a pearlite to generate and to secure 70% or more of rates of bainite 
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and valve flow coefficient (degree C/min) exceeds 500/(Mn%+0.8Cr%+l .2Mo%) It is because it 
becomes difficult for martensite to generate and to secure 70% or more of rates of bainite. It is here and 
average cooling rateivalve flow coefficient (degree C/min) shows the numeric value which **(ed) 300 
degrees C (= 800-degree-C-500 degree C) as it is also at the time amount (min) taken [ after reaching 
during cooling at 800 degrees C ] to amount to 500 degrees C. 

[0023] The reason which limited cooling even with the temperature of 200 degrees C or less is for fully 
producing the transformation to bainite under cooling, and securing 70% or more of rates of bainite. The 
reason which limited hardness with 400 or less Hv is for making the workability of cutting performed 
after that thru/or plastic working secure, and if hardness exceeds Hv400, machinability and plastic 
workability will deteriorate rapidly. In addition, hardness is set to 400 or less Hv when the steel of the 
presentation in said generic claim is cooled on said limited conditions after hot rolling or hot forging in 
1 150-1300 degrees C whenever [ stoving temperature ]. 

[0024] the need that 70% or more of rates of bainite and the limited reason depend an organization on V 
(CN) - if it is for acquiring sufficient age-hardening property, and the rate of bainite becomes less than 
70% and the organization molar fraction of a ferrite pearlite or martensite increases - the need - 
sufficient age-hardening property is no longer acquired, namely, the hardness before aging treatment 
becomes high, or the hardness after aging treatment becomes low. In addition, when the steel of the 
presentation in said generic claim is cooled on said limited conditions after hot rolling or hot forging in 
1 150-1300 degrees C whenever [ stoving temperature ], the rate of bainite becomes 70% or more. The 
reason which limited the diameter of the old austenite crystal grain with 80 micrometers or less is 
because it is required when attaining high yield strength and fatigue strength, and if the diameter of the 
old austenite crystal grain exceeds 80 micrometers, a strength property will deteriorate. In addition, 
when the steel of the presentation in said generic claim is cooled on said limited conditions after hot 
rolling or hot forging in 1 150-1300 degrees C whenever [ stoving temperature ], the diameter of the old 
austenite crystal grain is set to 80 micrometers. 

[0025] The reason which limited aging treatment temperature to 550-700 degrees C is for making the 
detailed deposit of the V (CN) carry out in need 10 minutes, and making them it carry out an age- 
hardening into the steel of a bainite subject's organization. Since softening will be produced on the 
contrary while V (CN) which deposited makes it big and rough if age-hardening with them is not 
obtained as aging treatment temperature is less than 550 degrees C, and aging treatment temperature 
exceeds 700 degrees C, it is necessary to limit aging treatment temperature to 550-700 degrees C. [ there 
are few amounts of deposits of V (CN), and sufficient ] The yield point or 0.2% proof stress: 900 or 
more MPas are level [ required in order to acquire with steel the lightweight-ized effectiveness which is 
equal to a titanium alloy or an aluminum containing alloy ] on the strength, cool the steel of the 
presentation in said generic claim onsaid limited conditions after hot rolling or hot forging in 1 150- 
1300 degrees C whenever [ stoving temperature ], and are attained by carrying out aging treatment at 
550-700 degrees C after that. 
[0026] 

[Embodiment of the Invention] In order to carry out invention of the 1st and 2, by weight % C:0.06 - 
0.20%, Si: 0.03-1.00%, Mn: 1.50-3.00%, Cr:0.50-2.00%, Mo: 0.05-1.00%, aluminum:0.002-0.100%, 
V:0.51 - 1.00%, The steel which contains N:0.0080 - 0.0200%, and consists of the remainder Fe and an 
unescapable impurity by whenever [ stoving temperature / of 1 150-1300 degrees C ] After hot rolling or 
hot forging, The average cooling rate of a 800-500-degree C temperature requirement : valve flow 
coefficient (degree C/min) Hardness because 40/(Mn%+0.8Cr%+1.2Mo%) cools to the temperature of 
200 degrees C or less as <= valve flow coefficient^ 500/(Mn%+0.8Cr%+l .2Mo%) 400 or less Hv, The 
yield point or 0.2% proof stress is set to 900 or more MPas by being 70% or more of rates of bainite, 
and making an organization into 80 micrometers or less of diameters of the old austenite crystal grain, 
adding cutting thru/or plastic working if needed after that, and performing aging treatment at the 
temperature of 550-700 degrees C after that further. Thus, without making a free-cutting element content 
increase sharply, while it is possible to high-intensity-ize by the time it acquires the lightweight-ized 
effectiveness which is equal to a titanium alloy or an aluminum containing alloy, even if the obtained 
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steel materials and its forging do not restrain the design configuration of components, they can secure 
machinability. 

[0027] In order to carry out invention of the 3rd and 4, in an element given in invention of the 1st and 2 
by in addition, weight % One sort chosen from Ti:0.01-0.10% and Nb:0.01-0.10% or two sorts are 
contained. The steel which consists of the remainder Fe and an unescapable impurity by whenever 
[ stoving temperature / of 1 150-1300 degrees C ] After hot rolling or hot forging, The average cooling 
rate of a 800-500-degree C temperature requirement : valve flow coefficient (degree C/min) Hardness 
because 40/(Mn%+0.8Cr%+1.2Mo%) cools to the temperature of 200 degrees C or less as <= valve 
flow coefficient <= 500/(Mn%+0.8Cr%+L2Mo%) 400 or less Hv, The yield point or 0.2% proof stress 
is set to 900 or more MPas by being 70% or more of rates of bainite, and making an organization into 80 
micrometers or less of diameters of the old austenite crystal grain, adding cutting thru/or plastic working 
if needed after that, and performing aging treatment at the temperature of 550-700 degrees C after that 
further. Thus, without making a free-cutting element content increase sharply, while it is possible to 
high-intensity-ize by the time it acquires the lightweight-ized effectiveness which is equal to a titanium 
alloy or an aluminum containing alloy, even if the obtained steel materials and its forging do not restrain 
the design configuration of components, they can secure machinability. 

[0028] In order to carry out invention of the 5th and 6, in an element given in invention of the 1st and 2 
by in addition, weight % S:0.04 - 0.12%, Pb:0.01-0.30%, Bi:0.01-0.30%, One sort chosen from 
calcium:0.0005-0.01% and REM:0.001-0.10% or two sorts or more are contained. The steel which 
consists of the remainder Fe and an unescapable impurity by whenever [ stoving temperature / of 1 150- 
1300 degrees C ] After hot rolling or hot forging, The average cooling rate of a 800-500-degree C 
temperature requirement : valve flow coefficient (degree C/min) Hardness because 40/(Mn%+0.8Cr% 
+1.2Mo%) cools to the temperature of 200 degrees C or less as <= valve flow coefficient <= 500/(Mn% 
+0.8Cr%+1.2Mo%) 400 or less Hv, The yield point or 0.2% proof stress is set to 900 or more MPas by 
being 70% or more of rates of bainite, and making an organization into 80 micrometers or less of 
diameters of the old austenite crystal grain, adding cutting thru/or plastic working if needed after that, 
and performing aging treatment at the temperature of 550-700 degrees C after that further. Thus, without 
making a free-cutting element content increase sharply, while it is possible to high-intensity-ize by the 
time it acquires the lightweight-ized effectiveness which is equal to a titanium alloy or an aluminum 
containing alloy, even if the obtained steel materials and its forging do not restrain the design 
configuration of components, they can secure machinability. 

[0029] In order to carry out invention of the 7th and 8, in an element given in invention of the 1st and 2 
by in addition, weight % One sort chosen from Ti:0.01-0.10% and Nb:0.01-0.10% or two sorts are 
contained. And S:0.04 - 0.12%, Pb:0.01-0.30%, One sort chosen from Bi:0.Ql-0.30%, calcium:0.0005- 
0.01%, and REM:0.001-0.10% or two sorts or more are contained. The steel which consists of the 
remainder Fe and an unescapable impurity by whenever [ stoving temperature / of 1 150-1300 degrees 
C ] After hot rolling or hot forging, The average cooling rate of a 800-500-degree C temperature 
requirement : valve flow coefficient (degree C/min) Hardness because 40/(Mn%+0.8Cr%+1.2Mo%) 
cools to the temperature of 200 degrees C or less as <= valve flow coefficient <= 500/(Mn%+0.8Cr% 
+1 .2Mo%) 400 or less Hv, The yield point or 0.2% proof stress is set to 900 or more MPas by being 
70% or more of rates of bainite, and making an organization into 80 micrometers or less of diameters of 
the old austenite crystal grain, adding cutting thru/or plastic working if needed after that, and performing 
aging treatment at the temperature of 550-700 degrees C after that further. Thus, without making a free- 
cutting element content increase sharply, while it is possible to high-intensity-ize by the time it acquires 
the lightweight-ized effectiveness which is equal to a titanium alloy or an aluminum containing alloy, 
even if the obtained steel materials and its forging do not restrain the design configuration of 
components, they can secure machinability. 
[0030] 

[Example] The comparison with steel explains the example of this invention comparison steel and 
conventionally below. Tables 1 and 2 show the chemical entity of a test specimen used for the example. 
[0031] 
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122 



19 



240 



0.17 



0.28 



3.20 



2.31 



0.30 



0.024 



0.55 



139 



92 



0.12 



0.25 



1.89 



0.66 



0.02 



0.034 



0.55 



127 



16 



205 



U 



0.10 



0.21 



2.01 



0.95 



0.18 



0.035 



0.41 



61 



13 



167 



0.30 



0.25 



246 



1.30 



0.20 



0.038 



0.10 



130 



11 



134 



w 



0.29 



0.19 



2.48 



1.28 



0.19 



0.039 



0.10 



130 



0.139 



0.14 



0.02 



28 



0.01 



11 



134 



0.48 



0.21 



0.80 



0.21 



0.00 



0.029 



0.00 



102 



41 



517 



0.40 



0.23 



0.71 



1.02 



0.01 



0.024 



0.00 



113 



26 



325 



0.39 



0.22 



0.75 



1.09 



0.16 



0.021 



0.00 



124 



22 



276 



5S(1) 40/ (Mn%+0.8Cttfc+1.2Mo%) 

5*^2) 500/ (Mn%+0.8Cr«+1.2Mo%) 



[0033] The component presentation ingoted the comparison steel (steel is included conventionally) 
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which consists of this invention steel which consists of Table I, and Table 2 with 30kg vacuum melting 
furnace, and carried out cogging to phi30mm at 1200 degrees C. After that, after forging phi30mm 
material into the plate of 15mm thickness on condition that 1200-degree-C heating and 1050-degree-C 
forging, air-cooling processing was performed to the room temperature, aging treatment was performed 
at 600 degrees C about A-W steel after that, tempering processing was performed at 580 degrees C after 
hardening in 880 degrees C about X, Y, and Z steel, and it used for a tension test, an Ono style rotation 
bending fatigue test, a drill punching trial, and microstructure observation. In addition, the average 
cooling rates of the 8 00-500 -degree C temperature requirement at the time of air cooling after the 
forging in this case were 7 2 decrees C / min. Moreover, about A-W steel, while performing the drill 
punching trial also in the condition of not carrying out aging treatment still in [ air-cooling ] the state 
after forging other than the above, the hardness test was carried out. 

[0034] The tension test produced the JIS14 No. A test piece, performed it on condition that speed-of- 
testing 1 mm/sec, and measured proof stress and tensile strength 0.2%. An Ono style rotation bending . 
fatigue test produced and examined the uniform gauge test piece of a parallel part phi 8, asked for 107 
times of fatigue strength, and estimated it that the durable ratio (= 107 times fatigue strength / tensile 
strength) which took the ratio of this and tensile strength is also. The result which SKH51 and a drill 
rotational frequency were performed [ the drill punching trial ] for the quality of the material of a 
phi6mm straight shank and a drill on 966rpm, lubricating oil nothing, and the conditions of 75kg of 
loads in any [ before aging treatment and after aging treatment ] case, and the drill measured set to 100 
punching distance of Z steel which is steel conventionally, and evaluated each punching distance by the 
integer ratio. 

[0035] The Vickers hardness meter performed the hardness test by measuring load lOkgf using the 
sample for a drill punching trial before aging treatment. About microstructure observation, using as a 
sample what cut the grip part after the trial of said test piece for tensile test, and was ground, it observed 
by one 400 times the scale factor of this with the optical microscope, and the rate of bainite and the 
diameter of the old austenite crystal grain were measured. 

[0036] ** is shown in Table 3 and comparison steel (steel is included conventionally), and ** is just 

shown for various test evaluation results in this invention steel in Table 4. 

[0037] 



[Table 3] 








(MPa) 


(MPa) 




{mm 




(Hv) 


m 


(cm) 




A 


1103 


1228 


0.55 


151 


104 


315 


95 


52 




B 


958 


1036 


0.55 


177 


111 


299 


82 


53 




C 


1122 


1275 


0.54 


139 


100 


331 


100 


52 ! 




D 


1119 


1220 


0.58 


149 


108 


310 


97 


41 




E 


1154 


1251 


0.57 


139 


102 


330 


100 


43 




F 


971 


1083 


0.55 


192 


130 


303 


88 


54 


m 


G 


1103 


1225 


0.55 


234 


185 


318 


94 


52 


m 


H 


1100 


1225 


0.54 


226 


179 


318 


95 


52 




I 


1105 


1227 i 


0.55 


200 


141 


319 


94 


52 




J 


1097 


1214 


055 


238 


189 


314 


100 


53 




K 


1130 


1235 


036 


230 


185 


320 


92 


46 




L 


1129 


1232 


0.57 


230 


191 


320 


90 


43 ! 




M 


986 


1088 


0.56 


251 


203 


305 


95 


45 I 




N 


999 


1100 


057 


268 


220 


308 


92 


41 
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[0038] 
Table 4] 






K 












1 f * 4 I* 1J» 








77 




(MPa) 


CMPa) 






Waft) 


(Hv) 


(%) 1 


(^ni) j 




U 


7ft4 
/o*» 


881 


0.55 


222 


189 


249 


86 


56 






ltril 


1412 


0.52 


79 


52 


414 


89 


53 


Mj 




1131 


1237 


035 


92 


70 


332 


94 


53 


fx 

fH 


D 
IV 




978 


0.49 


217 


169 


251 


41 


54 






1443 


0.53 


81 


42 


433 


12 


54 




T 
1 




999 


0.49 


205 


154 


263 


45 


53 




u 


884 


1011 


031 


178 


121 


289 


92 


53 




V 


923 


1126 


0.52 


76 


78 


367 


85 


54 




w 


911 


1119 


0.45 


101 


103 


361 


86 


53 


% 


X 


627 


804 


0.47 




182 




19 


46 




Y 


786 


959 


0.49 




114 




34 


45 




Z 


890 


1079 


0.51 




100 




0 


45 



[0039] As shown here, the hardness before aging treatment of each A-N steel which is this invention 
steel is 331 or less Hv. 400 or less Hv applicable to a generic claim is fully satisfied. The rate of bainite 
82% or more, 70% or more of rates of bainite which the old austenite particle size is 54 micrometers or 
less, and correspond to a generic claim, The old austenite particle size of 80 micrometers or less is fully 
satisfied, and there are 958 or more MPas of each 0.2% proof stress after aging treatment, and 900 or 
more MPas applicable to a generic claim are fully satisfied. Moreover, while 0.54 or more and the 
outstanding value were shown also about the durable ratio and the value which was excellent before 
aging treatment about especially drill saxicavous was shown, excelling Z steel whose all before and 
behind aging treatment are steel conventionally was checked. 

[0040] On the other hand, a result which is inferior to Z steel of steel in drill saxicavous conventionally 
while it is inferior to 0.2% proof stress since O steel of comparison steel has the amount of C lower than 
this claim, and, as for P steel, the hardness in front of aging will exceed Hv400, since the amount of C is 
conversely higher than this claim is brought. Since the amount of Si is higher than this claim, drill 
saxicavous is conventionally inferior to Z steel of steel, and about Q steel of comparison steel, since R 
steel has the amount of Mn lower than this claim, a ferrite pearlite generates, and while the rate of 
bainite is less than 70%, proof stress is low with less than 900 MPas 0.2%. Since it is higher than both 
these claims, the amount of Mn and the amount of Cr(s) serve as a martensite subject's organization, and 
S steel has a low rate of bainite, and has brought a result to which the hardness in front of aging is 
inferior to Z steel of steel in drill saxicavous conventionally exceeding Hv400. Since T steel has the 
amount of Mo lower than this claim, a ferrite pearlite generates, and while the rate of bainite is less than 
70%, proof stress is low with less than 900 MPas 0.2%. Since it is lower than both these claims, an age- 
hardening is not fully carried out for the amount of V, and the amount of N, but as for U steel, proof 
stress is low with less than 900 MPas 0.2%. 

[0041] Moreover, V steel and W steel which are steel conventionally are the conventional hardening 
abbreviation steel of a bainite + martensite mold, although 0.2% proof stress of 900 or more MPas is 
attained for all, drill saxicavous serves as Z steel average by V steel being inferior to drill saxicavous, 
and making a free-cutting element, as for W steel, contain, but since the free-cutting element was made 
to contain so much, the durable ratio is low. X, Y, and Z steel are S48C specified to JIS, and the steel 
equivalent to SCr440 and SCM440, respectively, and even if it gives hardening tempering processing, 
proof stress has not reached 900MPa(s) 0.2%. 
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[0042] Next, the example which investigated the effect by change of the cooling conditions after forging 
and aging treatment temperature is shown whenever [ effect / of manufacture conditions /, i.e., forging 
stoving temperature, ]. Among [ B, D, and G ] this invention steel shown in Table 1, about M steel, it 
forges into the plate of 15mm thickness, after heating the phi30mm round bar in each temperature of 
1050, 1 170, 1200, and 1270 or 1350 degrees C. Subsequent cooling conditions are changed with furnace 
cooling, air cooling, weak fan cooling, and strong fan cooling. Furthermore, subsequent jiging treatment 
temperature was performed on 50 0, 570, 600, and five 650 or 750-degree C conditions, ancTwas used for^ 
a tension test, a drill punching trial (only before aging treatment, a hardness test (only before aging 
r^treatment), and microstructure observation, in addition, the average cooling rate of the 800-500-degree C 
temperature requirement after the forging in this case » furnace cooling — 5 degrees C / min, and air 
cooling - 72 degrees C7 min, and weak fan cooling - 103 degrees C / min, and strong fan cooling - 
1 3 1 degrees C / min it was . Moreover, about a test condition, it is the same as that of the 
aforementioned test condition. 

[0043] ** is shown in Table 5 and the example of a comparison, and ** is just shown for various test 

evaluation results in this invention steel in Table 6. 

[0044] 



No. 




m 








0.2%1H* 
















a 






&& ro 


(MPa) 


(MPa) 


<«f»tt) 


«I5(Hv) 


(%) 




1 




B 


1170 




600 


930 


1024 


179 


299 


87 


42 


2 




B 


1200 




600 


958 


1036 


177 


299 


82 


53 


3 




B 


1200 




600 


931 


1028 


132 


331 


85 


53 


4 




B 


1200 




570 


938 


1034 


177 


299 


82 


53 


5 




B 


1200 




650 


929 


1005 


177 


299 


82 


53 


6 




B 


1270 




600 


956 


1039 


180 


301 


81 


56 


7 


IS 


D 


1170 




570 


1104 


1213 


149 


326 


96 


40 


8 


m 


D 


1200 




600 


1119 


1220 


149 


310 


97 


41 


9 




D 


1270 


aw?** 


650 


1020 


1117 


108 


352 


81 


48 


10 




G 


1170 




570 


1100 


1223 • 


189 


349 


78 


48 


11 




G 


1200 




600 


1103 


1225 


234 


316 


94 


52 


12 




G 


1270 




650 


1092 


1219 


228 


329 


94 


58 


13 




M 


1170 


! ?»» 


650 


988 


1074 


229 


303 


94 


43 


14 




M 


1 1200 




600 


966 


1088 


251 


305 


95 


45 


15 




M 


1270 




570 


966 


1078 


232 


328 


98 


49 



[0045] 
[Table 6] 
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No. 


B 
& 


39 








0.2%fS^r 

(MTa) 


(MPa) 


tmm 


fiS£(Hv) 


[%) 


(Mm) 


16 




B 


1050 




600 


887 


1029 


141 


305 


90 


40 


17 


tt 


B 


1200 




600 


871 


1010 


170 


292 


89 


54 


18 




B 


1200 




600 


931 


1028 


95 


404 


57 


53 


19 




JB_ 


1200 




500 


849 


983 


177 


299 


82 


53 


20 


1 


B 


1200 




750 


621 


888 


177 


299 


82 


53 


21 




B 


1350 




600 


956 


1039 


180 


301 


81 


96 mm 


22 


Jt 


D 


1050 




570 


894 


1065 


130 


311 


91 


35 


23 


« 
2 


D 


1350 




750 


615 


890 


126 


299 


61 


120 (mm 


24 


it 


G 


1270 




500 


879 


1062 


245 


311 


98 


58 


25 


$* 

m 

3 


0 


1200 




7S0 


631 


853 


90 


407 


76 


52 


26 




M 


1170 


^7 7 >ftiP 


750 


629 


851 


177 


329 


89 


43 


27 


« 


M 


1350 




500 


1015 


1281 


87 


418 


98 


105 (j&tf) 


V 


4 























[0046] In this invention range of No.1-15, even if a steel type and manufacture conditions changed, 
while satisfying 400 or less hardness Hv before aging treatment, 70% or more of rates of bainite, 80 
micrometers or less of diameters of the old austenite crystal grain, and the 900 or more MPas of all the 
0.2% proof stress, excelling the temper (Z steel of said example) of steel SCM 440 conventionally also 
about drill saxicavous was checked. On the other hand, even if the chemical entity was this application- 
for-patent within the limits, when at least one item of the cooling conditions after forging and the 
manufacture conditions of aging treatment temperature was not satisfied whenever [ forging stoving 
temperature ], it became clear from the result of the example of a comparison of No. 16-27 that said 
property is no longer acquired. 
[0047] 

[Effect of the Invention] This invention offers the manufacture approach of the optimal age-hardening 
mold bainitic steel for hot forging for the components which need the machinability which was excellent 
with high reinforcement like the crankshaft of an automobile engine, and a connecting rod, and its 
forging at the above explanation so that clearly, and lightweight-ization of automobile engine 
components is enabled. 



[Translation done.] 
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